Three antiviral isatinisothiosemicarbazones strongly inhibited the incorporation of [8H ]uridine into the ribonucleic acid (RNA) of FL cells as a consequence of the inhibition of uridine transport. After prelabeling of cells at a low temperature (1 h at 16 C) with uptake of [3H]uridine into the acid-soluble nucleotide pool, the later addition of the test compounds revealed only a sniall or negligible influence on host-directed RNA synthesis. The pulse-labeled soluble nucleotide pool of FL cells was sufficient to give a gradual increase in incorporation into RNA over a period of 7 h. With the same method of prelabeling at the beginning of the experiment, it was also possible to detect virus-induced RNA synthesis in the presence of actinomycin D. In this way the specific inhibitory action of the three isatinisothiosemicarbazones on viral RNA synthesis could be demonstrated.
The antiviral activity of some isatinisothiosemicarbazones (IITS) against mengovirus in FL cells has been described in detail previously (20) . The present paper is concerned with the influence of these substances on ribonucleic acid (RNA) synthesis in noninfected and mengovirus-infected cells. For the measurement of the rate of RNA synthesis, [3H ] uridine is generally used. However, this labeled substance is not a direct precursor. First, it must be taken up into the cell; secondly, there are some phosphorylation steps to uridine 5'-triphosphate (UTP) which must occur before incorporation into RNA takes place. Recently, it has been shown that a number of compounds inhibit the incorporation of uridine into RNA by interfering with these steps, i.e., uridine transport into the cell or the subsequent phosphorylation, without any real inhibition of RNA synthesis itself (3-5, 7, 10-12, 14, 16, 17) .
By controlling the incorporation of [H Juridine in the presence of different HTS in the experiments, a remarkable reduction in the incorporation into acid-insoluble material was found (more than 80%). However, when cells were supplied in advance with uridine, which was phosphorylated for the most FL cells and mengovirus. Cultivation methods and media were used as described previously (18, 19 Determination of radioactivity. Radioactivity was estimated as described by Tonew and Bleecken (18) when the values are given in disintegrations per minute or as follows. The monolayer was shaken off from the glass wall with 0.15% sodium deoxycholate in distilled water for nearly 5 min, precipitated with 6% trichloroacetic acid, collected on filter disks, and washed three times with 6% trichloroacetic acid and then with ethanol and ethyl ether. The paper disks were placed into vials containing 5 ml of toluene scintillator and subsequently analyzed for radioactivity (counts per minute) by using a Packard Tri-Carb liquid scintillation counter.
RESULTS

Incorporation of [3 H]uridine into cellular
RNA of FL cells in the presence of several IITS. Figure 1 demonstrates the effect of IITS on the incorporation rate of [3H ]uridine when isotope and test compounds were added simultaneously at 0 h. In this case, a remarkably reduced incorporation of the radioactive precursor into cellular RNA was found when compared with the untreated control. At the highest concentrations used, only 6 to 18% of the radioactivity was detected in the acid-insoluble material at the sixth hour. The following experiments will show that this cannot be considered to be a true inhibition of cellular RNA synthesis.
Incorporation of [3H]uridine into cellular
RNA of FL cells prelabeled at low temperature. [ 3 H]uridine is not a direct precursor of RNA synthesis as mentioned above. However, at low temperature it has been shown to be taken up into the cells and also phosphorylated to uridine 5'-monophosphate, uridine 5'-diphosphate, and UTP, without significant incorporation into RNA (6, 8, 13) . Therefore, a prelabeling of cells at low temperatures accompanied with uptake of the radioactive nucleoside into the soluble cellular nucleoside pool, followed by addition of the inhibitory compounds, allows a direct test of the effects of substances on RNA synthesis (7, 11, 14) . In a preliminary test, time and temperature for prelabeling of FL cells were investigated to find out the optimal conditions Table 1 .
The optimal increased incorporation from the prelabeled soluble nucleotide pool into RNA was found to take place in the group that was pulse-labeled at 16 C for 1 h. Therefore, the experiments which follow were carried out under such conditions. In this case, the incorporation of uridine into RNA after washing (O h) reached nearly 3% of the control value at 7 h. This value at 0 h was subtracted from all others in each experiment.
Kinetics of uridine incorporation into cellular and viral RNA after prelabeling and the action of inhibitory compounds. The prelabeled nucleotide pool in FL cells suffices to measure an increase of cellular RNA synthesis from 0 to 7 h (Fig. 2) . When the substances were added after the surplus of uridine was washed out, they induced (at 2 h) no or only a small 2).
The method of prelabeling at low temperatures was also useful for obtaining evidence of virus-specific RNA synthesis in infected cells // x treated with actinomycin D (Fig. 3) . In accord- quently, the second increase can be considered t 11/ to be caused by viral RNA synthesis. All three test compounds (no. 7, 9, and 5) give a complete l// _ -____ -inhibition of virus-specific RNA synthesis in the ;/ t-.._ >._-+_~~~p resence of actinomycin D (Fig. 3) . Up to hours, , ' _ 4~-the curves show a decrease similar to uninfected |,o~~~~~~-X cells under the influence of the substances and actinomycin D (Fig. 2 ).
-1 O 1 2 3 4 5 6 7 l 8, 10, 11, 14, 16, 17) . Immediately after entry All points represent averages of analyses of three into the cell, uridine becomes phosphorylated.
tubes.
It has been reported (6, 13) that after a short VOL. 5, 1974 on (6, 13) before addition of the substances, which, therefore, could not influence phosphorylation.
FL cells were pulse-labeled for 1 h at 16 C at the beginning of the experiment. Both actinomycin D and virus infection have no effect on uridine transport (11, 12) . For that reason, actinomycin D and virus were added together with the labeled nucleoside. After washing out the residual uridine, incorporation into RNA was studied. The uninfected controls showed increases in radioactivity in the acid-insoluble material over a period of 7 h. Contrary to this, after prelabeling at 4 C, incorporation had ceased after 10 to 15 min in Novikoff rat hepatoma cells (11) . In young chicken embryo fibroblast cells, incorporation had taken place for at least 2 h (15). To confirm that FL cells incorporate [3H juridine really from the labeled nucleotide pool and not from uridine left behind in the medium, persantin, which is a specific inhibitor of uridine transport (5, 10, 14) , was also used. In the presence of persantin, a high and long incorporation rate into RNA was recovered in prelabeled and chased cells (Tonew and Dseguse, manuscript in preparation). Therefore, prelabeled FL cells are very useful for obtaining information about the influence of substances on RNA synthesis itself. The results with the tested IITS demonstrate only low inhibitory effects on host-directed RNA synthesis of less than 25% after 4 and 7 h of incubation.
The question of whether FL cells also have two independent nucleotide pools for cellular and viral RNA synthesis, as suggested for Novikoff rat hepatoma cells (9), was not studied. However, with the same method of prelabeling as described here, it was also possible to demonstrate virus-specific RNA synthesis under the influence of actinomycin D, beginning at the fourth hour after infection and increasing to 8 h in accordance with previous findings (18) . Hence, it is not necessary to interrupt the replication cycle for labeling (11) , and the test compounds can be added at 0 h. In this case, all substances, no. 7, 9, and 5, showed a highly specific inhibition of virus-induced RNA synthesis in the concentrations used.
